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, :„„„Uon concerns in^provemcnts in or refaung .o 
The present invention „;„,„.inE in particular 

■ 1 ,.„ve\ei!eth division multiplexing, m v 

transmission systems. ^^^^ 
Wavelength division multiplexing (WDM) 

f .nhancir. the transmission capability of an op 

'"^ /on St ingle source (laser or LEP) being used to 
fibre, instead of lust s ^^^^ ^ 

I. f^KrP two or more arc u;>w , 

. 0- channei spacing is desirable for optimum 
wavelength. Clo a ^ 

transmission capability. Long 

particular, immunity to thermal dnf. ts destred. 



Cr-I Of . ae.ve .^^^^^^^ 

----"^^'TT:::: s e ra: .id. typical Of such 
afferent wavelengths. ^^^/^ J composition 
diodes, and the manufactunng . er. ^^^^^^^ 

spacing to circa 30nm. Closer channel spacing 



lasers - for example distributed 
using single frccuency type lasers ^^^^ 
feedback (DFB) lasers or cieave-coupled-cavuy ) 

♦.^1 U reauired to maintain me enu:, 

wavelength of eacn id , , Hifferent lasers. 

K n. all of the outputs from the dilferent 

H-n Figure 1 This has U-c form of a ten-channel 
presented to F.gure fued-wavelength 

r"tr; UO are'eonthined io an input linear array 3 by 

fi^ ; 5 This array 3. which also includes a conurton 
Of coup Ung «.res ^ ^^^^^ ^ „ , 

output fibre 7 IS local focussing lens 11 and a 

assembly 9 comprised of a co— and ^^^^^^^^^^ ^^^^ 

aispersive ^^"^^ ^^^^l^Z.^^, „ed and refocussed 

individual lasers LI o U ^ ^^^^^^^^^ ^^^^ ^„ 

onto the common output f.bre 7. ^ 

„, the emission wavelengths and array geome 
arrangement, the emisi diffracted to a 

carefully matched to ensure that all emtsstons are 

common focus. j^,^.,^, i„ ^.e 

such an arrangement, as de.cn 

_^ I... "fiR3km ttansmission with i.:>/ 

„,„g wavelength d,v,s,on P „ ^,^„o„ics letters 

a. 1.5^ m-. by Olsson, N.A. P ^^^^^ ^^^^^^ 

volume 2. Number 3 pages of the 
describe an arrangement in wh.ch 

• oiiv Tidee overgrown (HRU) oibui 
,tero.ep.ta.al ndse ^^^^ ^ ^^^^^^^^^^^ 

laser type. These we „,,„ength distribution of the 

and with both facets cleaved. The wa 



use., wMC «ere sdeccd ^ 

,>,c was between l.:>^^ ' rime-consuraing 

wavelengths, was ^ ^^^^^^^^ ,„a nme 

Wafer selection, , „ass 

production. Long 

in this type of arranBement. 



. „ provides an alternative approach and .s 
,He present '-n-on P ' ^^^^^ 
,.naed to obviate the need ^^^^ ^^^^^ 

_:::t:ait^^^^^^^^^ — 

*e <VPe comprisinr- ^^^^^^ ,^^p„,„, and focussing 

an optical assembly for 

one laser, at least, c 

assembly; at^d. ^ear a common and 

an optical waveguide, Ica^J ^^^^ light 

coniugate focus of this assembly and 

emitted from said one p„..ion of reflection 

.,e optical waveguide rs ada e ^^^^^ 
c to reflect bgbt emiuo 
enhancement means so 

- — '-^^^^ '"^^ r::r;e°ona„t wavelength of the one 
in the apparatus aforesatd ^.^^^^^^^ 

-'-'^ n ; and by the P"^-" °' 

characteristics of the optical assemb y 



,r. -ssembly Since U£hi is inevitably icOece 4 

LIpie .on...iai ..e ..en,. O.a. .^...y. 
.„.eve. can be ac.evea by .oaifyin, *e . ec 0^^^^ 
„ansn,i.sio„ c~.ios of .i.e fron. face, of ihe a« o 

■ , hv design of the reflecuon enhancement n>eans e.g 
altemattvely by des.gn 

could be of etalon for., tn ea^ a^ ^ ^^^^^^ 

^defined. — 7: " wave.iae has the 

.e si.e of the .flection apenn e ^^^^^^^ 
form of a fibre, it is convement ,0 employ 

„ or near the focns. waveguide. 
1 A ^u^Tf^tn hv means of a iiurc 
: « 0 Shall be eonstrnced accordingly. 

laser may be combined with one or more additiona 

,0 provide an array mlerface. .he focal plane. 

, then will depend upon relative pos.tton m the focal p 
" Z one J may likewise be combined with one or more 

KiriiTPctional transmission device. 



waveguides, respectively, each 

":t::! rl.sea ,a„ v.« "OSS. 
L: rwave..e, — . » aUe.a.ve 
section an optical preceding; 
„a..«. use . .e ^^^.l ,„...ec.o. a«a 

^'-"^■^.T at ;— .op-a.-ada cc^po... 

apparatus Ukew.se m ^^^.^^ .„„g„.ed 

,,.e ,0 . . - si^lar .o .at 

circuit in>plementat.0B of a or p ^ ^ 

stowr. in the preceding f.gures^ 'o ■ » ' ^ „„o.„nective 

Hgure n is an enlarged plan 
waveguide element suitable for tncorporatton 
circuit shown in the preceding Figure. 



( 
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I„ „,aer tha. .his invenuon n,isM be b.t« undcv.ood. 
e„.o..e.s *e.ro. Win now be aescHb. re™ 

„ade to Figures 2 .0 n of *e accompan^n. <'™- 
description .ha, foUows is given by wa, of example, on.y^ 

Tbe apparatus, as shown in Figure 2. co.pnses a Utt^ow 
„ount optical assembly 9 with a coUimating and focussing .ens U 

. , „„ ,3 as in the conventional assembly 

oi biaiiu^ nomiBaliy 

1 oth Each is coated on its output facet 15 wun 
wavelength, tacn is 

,„,,.flec,ion film such that la.ng wavelength (i.- -na^ce -11 
be determined by ex.emal feedbac. rather than frotn the las 

ntinor facets. Bach laser LV to thus can be reg.de 
lore as a broad-band optica, gain ntediun, under these co«d.«on 
^ optica, waveguide, a f.bre 7, is i.ate. in the satne foca, 
.ane a, a common conjugate focus corresponding to each of *e 

: U- to t.. This rthre 7, as shown, incorporates an embedde 
Itor 17, which is dispiaced a small distance from the front end 
; the fibre 7. A wavelength selective external cavity whtc then 
defines the resonance wavelength, is formed '"^ ^ ' * 



. „ fibre 7 The renec.or ,7 is showB embedded within .he 

o^e .e nb. ,e.. .3 CSee ... 3> - — ^ 

cons^uctio. is shown in F.gu^s 5 and 6. Here 

fibre 7 has been masked and a reHecung film W located 

, . .r. 21 This latter construction, however, would 
exposed face of the core 21. in>s 

I, „„r, difficult to manufacture. 

be more d.ff.cu ^ ^.^^ 

The individual lasers LI to i-n 
,..e) a. different wavelengths as light diffracted and reHected b^ 
r rating is focussed at different positions in the focal pUne. -n-e 

• the crating dispersion thus are chosen to 

laser element spacing and the gratmg V- 

,ive a predetermined and suitable channel spacing. 
8' - 1, „f ih? !L<Lsemblv 9 acts both as a 

I, U noted that the graung 13 of the assembly 

multiplexing component and as a wavelength selective element 
controlling the laser wavelen^hs^ 

It will be further realised that as tne la. 

• f .tor. i e array spacing and gratmg 
essentially by geometnc factors i.e. arr y p 

. ,c relatively immune to effects ol 
geometry, the apparatus is relatively 

- .— — ~ ::::: r,. 

may be substituted. This nas 
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of the lonsitudial resonant modes would in .Ms case be enhanced. 

U is noted that the components of the array 3' need no. aU be 
sources. Opdca. de.ec.ors (or possibly lasers operated as de.ec.ors) 
could be used on some channels - i.e. at different array locations, .o 
give a bidirectional transmission capability over U.e fibre. 

,„ .he single-channel drop-and-add device shown in F.gures 
and 9 a Fabry-Perot type laser LI' is combined wi* longitudinal 
.trorenectorss 27, a detector 29, and .wo optical fibre waveguides 
namely, an output optical fibre 7 and an input optical fibre 31. Tl.e 
„.er Lr and the de.e^tor, as also the input and output fibres 31 ^d 
7 are located equidistant and symmetrically each side of the axis 33 
of the re.roreflec.ors 27. In U>is anangemen. ligh. of a g.ven 
arbiuary wavelength emanating from the input fibre 31. .s 
oollimated and focussed to a point x on the retrorefiector 27, 
,enec.ed .o auo.her and corresponding point y on the retrorefiecor. 
and Uten collimated and refocussed onto Ute ou.pu. fibre 7. A. one 
par.icular wavelength, however, light emanating from .he input fibre 
3, is directed onto the detector 29. A. .his same wavelength, l.gh. .s 
coupled beween .he laser LV and .he ou.pu. fibre 7. 

U wiU be no.ed .hat addi.ional drop-and-add channels may be 
implemented by the inclusion of addi.ional laser-de.ec.or pairs a. 

other poinu in the focal plane. 

AS described, .he laser LV may resonan.e a. more than one 
longitudinal mode of the external cavity. This may prove a problem 
for the longest haul systems envisaged, since dispersion m the fibte 
v,il, inevitably lead to mode separation and interference. One 



. ■ .„ „,odify *e use, renecunce. as discussed above. An 
remedy is to mod.ty in 

.Uernative soluUon, howeve,, would be .o adop ^ 

. 1 rxf {> sinele reflector l'. e.g. 
i„ .he outpu, fibre 7, place of s.ng ^ 

H5^e 4 where .«o spaced e.a.oo refleUors 17. 

the fibre 7. ^ ^ ^se some 

..eruaUve . usln, a fibre ou.p. u e 

, f integrated optical chip (UU>iuro ntobate. or 

. r e s CaAs/OaA, AS) vMch could aUo perform 
semiconductor - e.g. o ^ .^^^^^^^ 

additional funcdons. The laser array 3 

' ted circuit implementation of the drop-and-add 

"T'lnur 10. Here the input and output waveguides 
aevice is sho^ tn B - ^^^^^^^^ 

3,, ,, .e — - ; eler.,en. comprises 

defined in an opuca -P ^^^^^ 

^^"."T"r ioor..asrating«o^ 

" t : be noted that the input and output waveguides 
(Ftgure U). It w.ll .etroreflector patrs 

spaced a fixed distance d ap.t 
3, 3, and detector and laser g.des • 

distance "d". This ensures that Ote Use L ^^^^ 

as the detector 29' and input gu.de 31 - P 

, „,h Also the input and output guides 31 . 7 » 
wavelengU,. Also P ^^^^^^^^^^^ ^,^„,„. 

corresponding gmdes 37. 39 J 
likewise coupled for the same respect 

, .i„ be appreciated that the invention is not 
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e . several lenses, uansmission gratings, prisms, 
Z arrangement is not restricted to ^e Littro. 

Por some applications, .ransmissive rather than 
configuration. For some vv beneficial and 

reflective optical assembly configurauons could pro 

„ot precluded from t.e general scope of t«s ,nven..on. 
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What we claim is:- 

1. An apparatus for optical wavelength division multiplexing, 
apparatus of the type comprising:- 

an optical assembly for collimating, dispersing, and focusing 

ligbi; 

one laser, at least, effectively legated at or near a focus of thts 

assembly; and, 

an optical waveguide, located at or near a commoo and 
comjugate focus of this assembly and arranged thus to receive light 
emitted from said one laser, wherein, 

.he optical waveguide is adapted by the provision of reflection 
enhancement means so as to reflect light emitted by said one laser 
and <o control thereby the resonant emission thereof. 

2. Apparatus, as claimed in claim 1. wherein the laser is of Fab,,- 
Perot type. 

J • ^loim 9 wherein the front facet of the 

3. Apparatus, as claimed in claim 2, v.herein me 

laser is coated with an antireflection film. 

4 Apparatus, as claimed in claim 2, wherein the front facet of the 
laser is coated with a partially reHecting film, the body cavity of the 
laser and the external cavity (formed of the optical assembly and 
.enection enhancement means) serving as coupled resonant cavmes. 
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5 AFpaxa... as claimed in any one of ..e preceding c.a.n.. 
«,e.in..e>aseMs provided in co.Mna.o„..h one o, n,^e 

....ona, .asers of ii.e ^ and of nonUnaU, *e same c»»e 

wavelength, these lasers being assembled to prov.de an an.y 
ItLe and an being effective,, located at or near correspondtng 

focu of the optical assembly. 

, Apparatus, as clairr.ed in any one of the preceding clain., 
w^ereirt the laser is provided in combination »ith one or tnore 
detectors, and in the form of a focal plane array. 

, Apparatus, as claimed in any one of the preceding claitns 1 to 6 
IreJL or each laser is provided in — ation w.t o. „ 
„ore retroreflectors and a corresponding detector, aU effecttvely 
Lted at or near a common fcal plane of the optical assembly, ..e 
: " waveguide and another optical waveguide paired the.w.th 
.«a.ed a. coniugate focii; to serve thus as a drop and add 



device 
8 



S App.atus, as Claimed in Claim 7, Wherein the optica, — 
Luch l the common focal plane and said conjugate foct, are 

coplanar. 

, Apparatus, as claimed in Cairn 8, wherein both optica, 
lejes and each retrorcHector are embodied as part of an 
optical integrated circuit. 
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each corresponding detector 

same said optical integrated e.rcut. 

, . . in any one of the preceding claims 1 to 
APP----':^j; ;,,,,.™ of an optical 
8, wherein the or each vavegu 

- 1 -n, 11 wherem the optical fvjre 

enhancement means. 

1-^1 wherein said one optical 
\^\.rrt^A in claim I. wncic^"^ 
13. Apparatus, as claimed ^.^^^ .^^^^^^ ^ 

has the form of an optical fibre, wm 
waveguide has tne actors 
p., of embedded and spaced etalon reflec.ors. 

, optical wavelength division mnltiplexing .hen 
14. Apparatus tor opucal ,„bstantiaUy as 

constructed, adapted and arranged to P ^^^^ ^ 

*th reference to ana a=» 
described hereinbefore vatn , , 6 of the accompanying 



drawings. 



, „,,eal wavelength division multiplexing when 
,5. Apparatus for opucal ,„bsuntially as 

consrrucred, adapted and --^^ J J ^ Hgnres 7. 

described hereinbefore with reference to 
8 and 9 of the accompanying drawings. 
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16. An optical integrated circuit, for use as pan of apparatus tor 
optical wavelengih division multiplexing, when constructed, adapted 
and arranged to operate substantially as described hereinbefore with 
reference to and as shown in Figure 10 or Figures 10 and II of the 
accompanying drawings. 
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